Exogenous
growth hormone-releasing factor (GRF) has been shown to activate feeding by central mechanisms involving the suprachiasmatic nucleus/medial preoptic area (SCN/ MPOA). Until now, however, the role played by endogenous GRF in the SCN/MPOA in naturally occurring eating has remained unknown.
To investigate this, the effects of SCN/ MPOA injections of GRF antiserum (AS-GRF) on feeding in rats were studied.
In light of SCN involvement in the control of circadian rhythms, AS-GRF was tested during the light and dark phases of the photoperiod.
Results indicated that AS-GRF significantly attenuated dark-onset feeding but had no effect on feeding during the mid-dark, mid-light, or lightonset periods.
These results suggest that endogenous GRF does play a role in naturally occurring feeding and that it may be involved in the circadian organization of feeding.
Animal studies investigating the behavioral effects of growth hormone-releasing factor (GRF) have shown that GRF plays a stimulatory role in feeding behavior (Vaccarino et al., 1985 Riviere and Bueno, 1986; Vaccarino and Buckenham, 1987; Vaccarino and Hayward, 1988; Feifel and Vaccarino, 1989; Dickson and Vaccarino, 1990) . Intracerebroventricular administration of GRF, in doses that do not stimulate growth hormone (GH) release, increases food intake without affecting other behaviors (Vaccarino et al., 1985 Feifel and Vaccarino, 1989) . Peripheral administration of similar doses of GRF and central administration of a structurally related but inactive GRF analog have no effect on feeding (Vaccarino et al., 1985; Feifel and Vaccarino, 1989) . Thus, the stimulatory effects of GRF on feeding behavior are centrally mediated and neurochemically and behaviorally specific.
In an effort to identify the central site of action mediating GRF-induced feeding, mapping studies have examined the effects of GRF injections aimed at a variety of hypothalamic sites known to contain GRF terminals. The results indicate that the suprachiasmatic nucleus/medial preoptic area (SCN/MPOA) region of the hypothalamus is a highly sensitive site for GRFinduced feeding (Vaccarino and Hayward, 1988; Dickson and Vaccarino, 1990) . The fact that GRF exerts its effects at sites not directly associated with the portal blood system is consistent with anatomical (Sawchenko et al., 1985) and electrophysio-logical (Twery and Moss, 1985) evidence that, in addition to its classic endocrine role in the pituitary, GRF has neurotransmitter-like properties in the brain. The importance of the SCN/ MPOA for mechanisms controlling circadian rhythms (Rusak and Zucker, 1979) combined with the fact that GRF-induced feeding is photoperiod sensitive (Feifel and Vaccarino, 1989) further suggests that GRF may be acting on mechanisms underlying the circadian regulation of feeding behavior. More specifically, we have hypothesized that elevated activity of endogenous GRF in the SCN/MPOA may contribute to the increased feeding observed during the rat's active dark photophase (Feifel and Vaccarino, 1989) .
Although the above studies show that exogenous GRF in the SCN/MPOA can influence feeding behavior, the extent to which endogenous GRF in the SCN/MPOA contributes to normal feeding behavior is not known. In order to assess the involvement of endogenous GRF in ongoing baseline feeding, the present study examined the effects of interference with endogenous GRF actions on feeding behavior. Because no specific and/or high-affinity antagonist for GRF exists, antiserum raised against GRF (AS-GRF) was utilized as a functional antagonist. Also, in light of the evidence that GRF's feeding effects are photoperiod sensitive and involve circadian mechanisms (Vaccarino and Hayward, 1988; Feifel and Vaccarino, 1988) , the effects of intra-SCN/MPOA AS-GRF injections on food intake at four different time points across the light/dark cycle were examined.
Materials
and Methods Twenty-eight male Wistar rats (250-300 gm at surgery) were randomly assigned to one of two housing rooms. The rooms were in close proximity to each other, and both were illuminated according to a 12 hr light/l2 hr dark photoschedule. The rooms were identical except that their photoschedules were 180" out of phase so that one room (A) received liahtina from 0700 to 1900. while the other room (B) received lighting from 1500 to 0700. Animals in each room were housed in individual cages and had free access to food (Purina rat chow) and water at all times throughout this study. Sixteen rats were housed in room A, and 12 rats were housed in room B.
Each animal was surgically implanted with a unilateral, 23 ga, stainless steel guide cannula aimed 3 mm dorsal to the SCN region of the hypothalamus. Surgeries were conducted stereotaxically under Somnotal anesthesia (65 mg/kg) and utilized the following coordinates: 1.6 mm anterior, 2.2 mm lateral, and 7.2 mm ventral to bregma/skull surface, with the nose bars at +5.0 mm above the intraaural line (Pellegrino et al., 1979) . Cannulas were made to penetrate the brain medially at an angle of 15" so as to avoid penetration of midline structures (Vaccarino and Hayward, 1988) . Following surgery, subjects were returned to their home cages and allowed 3 weeks in which to recover and fully entrain to their respective photoschedules. During this period, animals were handled regularly.
In order to screen for GRF-induced feeding, animals were given in- were left in place an additional 30 sec. The order of injections followed a counterbalanced design with 1 drug-free d between injections. Immediately following each injection, animals were returned to their home cages where food intake for the following 1 hr was recorded. Food intake was measured by giving animals premeasured amounts of food and subtracting the weight of the amount of food remaining (plus spillage) at the end of the 1 hr test.
Animals that consumed a minimum of 50% more food following GRF injections relative to vehicle injections were categorized as "responders"; the remaining subjects were categorized as "nonresponders."
Following another drug-free day, testing with rabbit antiserum raised against GRF (AS-GRF) and normal rabbit serum (NRS) began. Animals housed in room A were tested at the mid-light and dark-onset time points. Animals housed in room B were tested at mid-dark and lightonset time points. All animals were tested with both NRS and AS-GRF in a counterbalanced order, at their respective time points, with a minimum of 2 drug-free d between injections (see Fig. 1 ). Beginning 20 min after injections, 1 hr of food intake was measured. In this way, food intake measurements were obtained for four different time points throughout the photocycle: light onset, mid-light, dark onset, and middark.
AS-GRF was produced in rabbits using rat hypothalamic GRF coupled to human o-globulins with bisdiazotized benzidine as immunogen, absorbed with human cY-globulins, and lyophilized. Both AS-GRF and NRS were administered as 1% solutions (diluted in saline) in a 0.25 ~1 volume. This volume and dilution were arrived at from pilot testing of various dilutions that revealed that solutions of higher concentration had a viscosity that significantly hindered microinjections.
Furthermore, the small volume has been found in our experience to result in limited drug spread to neighboring sites (Vaccarino and Hayward, 1988; Dickson and Vaccarino, 1990) . Including the GRF trials, subjects received a total of six central injections.
After completion of the final feeding test, the effects of AS-GRF on general locomotor activity at dark onset were assesed. Subjects in room B were given an additional set (AS-GRF and NRS) of two injections (AS-GRF and NRS) at dark onset, 4 d after the final feeding trial. Injections were carried out in counterbalanced order with a minimum of 2 drug-free d between injections. Following each injection, rats were placed in locomotor activity cages equipped with dual photobeam-sensing systems that measured the number of photobeam interruptions for 1 hr. Food and water were unavailable during this time.
At the conclusion of the study, animals were perfused with saline and then 10% formalin (5% sucrose). Brains were removed, sectioned 40 pm thick, and stained with cresyl violet to determine cannula placements. The analysis was carried out by an investigator without knowledge of which sections belonged to animals in the responder and nonresponder groups.
The collected data were submitted to statistical analysis consisting of individual Student's t test comparisons between NRS and AS-GRF treatments at each of the four photoperiod times. The statistical criterion for significance was p < 0.05.
Results
The amount of food consumed following intra-SCN/MPOA injections of rhGRF administered in the middle of the light photoperiod for subjects classified as responders and nonresponders is represented in Figure 2 . Figure 3 illustrates the cannula placements for each of the subjects. Placements for all of the responders (13/ 13) were within the SCN/MPOA region. In contrast, the nonresponders were characterized by placements outside the SCN/MPOA. Thirteen ofthe 15 nonresponders had placements outside the SCN/MPOA. Two nonresponders had placements that fell on the outer borders of the MPOA. In general, tissue damage surrounding the cannula tip was minimal-never greater than a 0.3 mm distance from the microinjector tip.
Baseline food intake did not differ significantly between responder and nonresponder groups at any of the four times tested: 0.30/0.27,0.72/0.79,2.70/3.01, and 1.91/1.81 gm for responders/nonresponders during the early-light, mid-light, early-dark, and mid-dark test periods, respectively. Figure 4 illustrates food intake following intra-SCN/MPOA injections of NRS and AS-GRF during the four times tested. Dark-onset food intake (measured during the first hour of the dark cycle) was significantly reduced [t(6) = 3.75; p < 0.011 following SCN/MPOA injections of AS-GRF in comparison to normal serum. At none of the other three photoperiod times tested were there any significant effects of AS-GRF on the amount of food consumed.
No significant effects of AS-GRF on food intake were noted at any of the four photocycle times tested in subjects classified as nonresponders (Fig. 5) .
Locoinotor tests revealed that AS-GRF injections administered to responders just prior to dark onset resulted in general locomotor activity [22.5 f 6.7 (SEM) photobeam interruptions] that was not significantly different @ = 0.66) from that displayed following injections of NRS (16.5 f 7.8 photobeam intermptions).
Discussion
Rats display a circadian feeding pattern in which the vast majority of their daily food intake is consumed during the dark. Within this general, nocturnally dominant, circadian feeding pattern, rats display an ultradian pattern of intermittent meals. . The effects of rabbit antiserum raised against rhGRF (AS-GRF) and of NRS injected into the SCNIMPOA on food intake in responders. Bars represent mean (+SEM) food intake for 1 hr during the light onset (n = 6), the mid-light (n = 7), the dark onset (n = 7), and mid-dark (n = 6) following injection of AS-GRF or NRS into the SCN/MPOA. *, Significantly different (p < 0.01) from corresponding vehicle treatment. The largest single feeding episodes occur at dark-onset and latedark parts of the photoperiod (Rossenwasser et al., 1979) . Baseline feeding (i.e., following NRS treatments) seen during this study is consistent with this established circadian pattern.
The present results demonstrate that interference with SCN/ MPOA GRF at the onset of the dark cycle attenuates the feeding burst associated with this part ofthe photocycle. The importance of the SCN/MPOA region in this effect is underlined by the fact that the feeding response to GRF (facilitation) or AS-GRF (inhibition) could predict the anatomical accuracy of the intra-SCN/MPOA injection. The behavioral specificity of the inhibition of feeding observed following AS-GRF treatment at dark onset is evidenced by the lack of any AS-GRF effect on general locomotor activity during this time. on food intake in animals classified as nonresponders. Bars represent mean (+SEM) food intake for 1 hr during the light onset (n = 6), mid-light (n = 9), dark onset (n = 9), and mid-dark (n = 6) following injection of AS-GRF or NRS into the SCN/MPOA.
Combined with the fact that the SCN/MPOA is a sensitive site for GRF-induced feeding (Vaccarino and Hayward, 1988; Dickson and Vaccarino, 1990; present results) , the present results support the notion that increased endogenous GRF activity in the SCN/MPOA is, at least partly, responsible for the elevated food intake observed in free-feeding rats at the onset of the active (dark) phase of the photocycle (Feifel and Vaccarino, 1989) . However, the inability of AS-GRF to affect feeding when applied in the middle of the dark cycle suggests that the neural factors triggering dark-phase feeding are not identical to those maintaining it and that GRF plays a significant role in the former but not the latter.
Dark-onset feeding following AS-GRF, though significantly attenuated, did not revert to the low levels seen during the less active, light photophase. It remained comparable to mid-dark levels. This suggests that GRF does not contribute to the increased feeding seen throughout the dark and that GRF plays a role in the hyperphagic peak seen at the initiation of the dark photoperiod. This is consistent with the notion that increased GRF activity in the SCN/MPOA during the onset of dark may act as a signal triggering nocturnal feeding mechanisms (Feifel and Vaccarino, 1989) . Alternatively, a separate GRF feeding mechanism may acutely act in an additive fashion with pandark feeding mechanisms.
The lack of any significant change in feeding following AS-GRF injections during the light suggests that, though feeding is sensitive to the effects of exogenous GRF in the light (Vaccarino et al., 1985 Vaccarino and Hayward, 1988; Feifel and Vaccarino, 1989; Dickson and Vaccarino, 1990 ) endogenous GRF does not play a significant role in the low level of feeding displayed during in this photoperiod. This is also consistent with the theory that endogenous GRF contributes to the increased feeding observed during the dark and that exogenous GRF potentiates feeding in the light by acutely activating these nocturnal feeding mechanisms (Feifel and Vaccarino, 1989 ).
An alternate explanation, however, is also plausible. It is possible that GRF's involvement in feeding is coupled with the ultradian pattern of GH release. This is supported by findings indicating that some (but not all) feeding episodes are coupled with GH peaks (Even et al., 1987) . It may be, therefore, that the mid-dark point chosen in our study did not represent an optimal time point relative to GH peaks. Thus, testing of additional time points during the dark (or the light for that matter) might have revealed GRF involvement in spontaneous feeding at other time points.
GH secretion in the rat and many other species is expressed as a ultradian pattern ofpulses (Tannenbaum and Martin, 1976 ). These pulses have been shown to be entrained to the light/dark cycle since a GH pulse is expressed consistently around the onset of the dark photophase (Even et al., 1987) . The fact that the ultradian meal pattern in rats is also entrained to the light/dark cycle, with the most active peak in eating also occurring around dark onset, is indirect evidence that the mechanisms governing GH secretion and feeding behavior are linked. Studies that have shown a strong temporal correspondence between meals and GH secretion provide further evidence for this (Uvnas-Moberg et al., 1984; Even et al., 1987) . The finding that the SCN/MPOA, a brain region critical to the circadian organization and photoentrainment of both GH secretion (Willoughby and Martin, 1978) and meals (Rusak and Zucker, 1979) , is a highly sensitive site for GRF-induced feeding suggests that GRF is a likely candidate to underlie the coordination of feeding and GH release.
The central appetitive effects, together with evidence for central effects on gut motility (Bueno et al., 1985) further suggest that GRF may underlie a broad integration of central and peripheral aspects of metabolic/energy regulation and somatic growth. By manipulating endogenous GRF levels, this study provides direct evidence that endogenous GRF does indeed play a role in the central regulation of naturally occurring feeding. The temporal specificity of the AS-GRF-induced blockade of feeding strengthens previous evidence (Vaccarino and Hayward, 1988; Feifel and Vaccarino, 1989 ) that endogenous GRF contributes, in part at least, to the circadian organization of feeding and acts as a trigger shifting feeding from the low levels seen during the light to the higher levels seen during the dark.
